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ABSTRACT 


This report presents the launch vehicle operational flight trajec- 
tory for the Saturn IB vehicle AS- 202. Included is a discussion of the 
predicted trajectory, the mission objectives, and constraints, plus the 
associated dispersion study, and tracking summary. 

A successful flight will place an Apollo spacecraft into a lob-type 
trajectory and will aid in determining the performance of the launch 
vehicle and spacecraft subsystems in preparation of manned orbital 
missions. 
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TECHNICAL MEMORANDUM X- 5 3470 


AS- 202 LAUNCH VEHICLE OPERATIONAL FLIGHT TRAJECTORY 

SUMMARY 


Vehicle AS-202, having a suborbital flight with planned recovery 
of its Command Module (CM), is scheduled for launch in the third quarter 
of 1966. 

The S-IB boost phase uses a pre-set time tilt polynomial to produce 
a trajectory which closely simulates that defined for the operational 
manned earth orbital Saturn 15. The booster propels the vehicle to an 
altitude of 56.5 kilometers and a range of 57 kilometers. After separa- 
tion, a single J-2 engine provides thrust to reach a velocity of 6800 m / 
sec at approximately 601.5 seconds after lift-off. The Iterative Guidance 
Mode (IGM) is employed to guide the S-IVB stage in the pitch and yaw planes, 
while the Auxiliary Propulsion System (APS) provides roll control. S-IVB 
cutoff signal occurs at an altitude of 217.3 km and a range of 1595.4 km. 

Using the operational trajectory as a base, the three-sig m a vehicle 
dispersion envelopes presented in this report were established by using 
the root-sum-square (RSS) technique. 


SECTION I. INTRODUCTION 


The launch vehicle operational flight trajectory for the Apollo/ 
Saturn 202 mission, the third Saturn IB launch, is officially documented 
in this report. Also presented are the associated dispersion envelopes 
and the tracking data summary. 

AS-202, comprising an S-IB stage, S-IVB stage, instrument unit (IU), 
and payload, is scheduled for launch from complex 34 at Cape Kennedy in 
1966, and will maneuver from a 100-degree east-of-north launch azimuth 
to a 105-degree flight azimuth. The Command Module (CM) is scheduled 
for a water landing within acceptable recovery area. There are no 
planned alternate missions for AS-202. 

Acknowledgements are made to G. Wittenstein, J. Weiler, and 
B. Brothers for their assistance and cooperation; also to Miss Jean 
Shelton for her contribution of the tracking portion. 



SECTION II. MISSION DESCRIPTION 


A. MISSION OBJECTIVES 

The mission of the Apollo AS-202 is to demonstrate the com- 
patibility between the Saturn IB launch vehicle and spacecraft, and 
to determine the performance of the launch vehicle and spacecraft sub- 
systems in preparation for manned orbital missions. 

The planned mission profile and support plans reflect the require- 
ments of the following primary objectives: (1) To demonstrate structural 

integrity of the launch vehicle and spacecraft and confirm launch loads; 
(2) to evaluate separation sequencing system; (3) to verify operation of 
propulsion, guidance and control, and electrical systems; (4) to flight 
test the Emergency Detection System (EDS) in closed-loop configuration; 

(5) to evaluate the thermal performance of the Comnand Module (CM) heat 
shield ablator during a high-heat load, long duration entry, and (6) to 
demonstrate the mission support facilities required for launch mission 
operations and CM recovery. For more detailed information on the AS-202 
mission, see Reference 1. 

B. MISSION CONSTRAINTS 

Certain mission constraints affecting the launch vehicle trajec- 
tory shaping and establishment of the S-IVB terminal conditions have been 
considered: (1) The first stage trajectory will closely simulate the 

first stage history of the nominal Apollo-Saturn IB orbital mission. 

(2) The space vehicle will have a launch azimuth of 100 degrees. (3) 
Guidance and steering command rates are limited to one degree per second 
in pitch, yaw, and roll with a lapse of 10 seconds following lift-off 
before initiation of maneuvers. (4) Tilt arrest will be initiated before 
inboard engine cutoff and will be maintained until guidance initiation 
which occurs after Launch Escape System (LES) jettison. (5) The S-IVB 
stage propellant loading will be greater than 98,430 kgs (217,000 lbm). 

(6) S-IVB programmed mixture ratio (PMR) shift is to provide a high 
step (5.5) duration of 295 seconds. (7) A min i m um of 10 seconds 
between S-IVB cutoff signal and S-IVB/CSM separation is required. 


SECTION III 


VEHICLE CHARACTERISTICS 


A. CONFIGURATION 

The launch vehicle, consisting of four major vehicle assemblies, 
the S-IB stage, S-IVB stage, IU, and payload, is shown in figure 1. A 
weight breakdown is given in appendix A. 

Hie S-IB booster stage of the multistage Saturn IB vehicle 
develops the thrust necessary for the vehicle to achieve the altitude 
and velocity required by the upper stages to perform the mission and 
accomplish objectives. Eight H-l engines, uprated to 890,000 Newtons 
(200,000 lbf), supplied oy four each LOX and fuel (RP-1) containers 
clustered around a center LOX container, are mounted in a square pattern. 
Four fixed inboard mounts cant the engines three degrees while the four 
outboard engines are canted six degrees radially outward from the vertical 
axis of the vehicle and gimbal ±8 degrees to provide thrust vector control 
for trajectory guidance- The total stage thrust is nominally rated at 
7,100,000 Newtons (1,600,000 lbf). 

The S-IVB stage is powered by a single J-2 engine installed on 
the centerline of the stage and having rated thrust of 890,000 Newtons 
(200,000 lbf). Pitch and yaw control during powered flight is maintained 
by deflection of this engine. Roll control is achieved by the Auxiliary 
Propulsion System (APS) consisting of two modules, each having three 
engines of 670 Newtons (150 lbf) thrust. 

The Instrument Unit (IU) houses the ST-124-M-III inertial 
platform, the Launch Vehicle Digital Computer (LVDC), and the electrical 
equipment required for launch vehicle performance; and is the second 
flight prototype of the Saturn IB/V Instrument Unit. 


Apollo spacecraft Oil, as the AS-202 payload, consists of the 
Launch Escape System (LES), Conmand Module (CM), Service Module (SM), 
and a Spacecraft- Lunar Excursion Module (LEM) adapter (S1A). Although 
the mission is unmanned, the systems are designed to be controlled or 
monitored by astronauts. The crew compartment is a three-man pressurized 
cabin containing spacecraft controls and displays, observation windows, 
access hatches, and environmental controls. 

Reference 2 contains more detailed information on the vehicle 
conf igura tion . 


B. MASS 


Shown in Appendix A are the mass characteristics used to 
generate the AS-202 launch vehicle operational flight trajectory. These 
data were extracted from reference 3. 

C. PROPULSION 

The propulsion characteristics used to generate the data presented 
in this report were obtained from references 4 and 5. Plots of thrust, 
flow rates, and specific impulse for both flight stages will be published 
at a later date for flight evaluation purposes. 

D . GUIDANCE 

The inertial Saturn IB guidance system performs navigation 
evaluations, issues discrete commands, initiates certain guidance and 
control functions, and issues steering commands to guide the launch 
vehicle to the pre-specified terminal conditions. These functions are 
accomplished by means of the AS-202 Flight Program which is stored in 
the Launch Vehicle Digital Computer (LVDC) (see reference 6). Inputs 
to the LVDC for navigation and guidance evaluations are the pre-specified 
constants for the S-IB stage and S-IVB guidance modes (see reference 7), 
and the inertial accelerations, i.e., velocity increments, sensed by 
the ST-124-M-III stabilized platform accelerometers during powered flight. 

The navigation subroutine which is in the LVDC Flight Program 
combines gravitational acceleration evaluations with the inertial plat- 
form data to compute the position and velocity vectors with respect to 
an earth-centered, inertial coordinate system. The state variables as 
determined by the LVDC navigation subroutine are then used by the LVDC 
guidance subroutine to compute attitude commands. 

The LVDC guidance system subroutine calculates the vehicle 
attitude commands in the Euler Angle System (X x > X , X z ) . The 
commanded attitude angles are compared with the ST-124-M-III gimbal 
angles (0 x > 9 y> ® z) which represent the vehicle's attitude. The 
attitude error angles are then utilized by the control computer to 
calculate motor swivel commands . 

S-IB stage guidance consists of a three-segment time function 
polynomial in the pitch plane of the form: 



* 


x p <T) = l A i t1 - 

i=o 

The above polynomial is evaluated approximately every .9 seconds, which 
is the major loop computation cycle of the LVDC during S-IB operation 
until active guidance. 

S-IVB stage guidance is the Iterative Guidance Mode (IGM) 
for two flight stages. For more information on the IGM formulation 
for AS-202, see Reference 8. The targeting constants and pre-settings 
for the AS-202 mission are found in Appendix B. 


SECTION IV. TRAJECTORY DESCRIPTION 
A. POWERED PORTION 

Shown in table 1 is the nominal sequence of events for AS-202, 
and in table 2, a trajectory and orbit fact sheet. Table 3 gives some 
significant parameters for certain events. The above tables serve 
as a summary of the following description. 

Guidance Reference Release (GRR) signal occurs approximately 
five seconds before launch commit, at which time the LVDC begins its 
computations and the platform becomes inertial. Vehicle first motion 
occurs approximately 0.2 seconds before Instrument Unit (IU) umbilical 
disconnect. At the moment of IU umbilical disconnect, time base one 
(Tgi) is initiated. The launch vehicle will rise vertically for 10.2 
seconds in order to clear the launch facilities, and will then 
simultaneously begin its pitch program and roll maneuver. 

S-IB stage shaping was constrained to be characteristic of the 
operational Saturn IB orbital mission. In addition to this, the pitch 
program was shaped to minimize aerodynamic moments during the period of 
highest pressure. The tilt program was not biased for wind as the expected 
launch date occurs during a low-wind period. A tilt arrest of 60 degrees 
is programmed at 136 seconds after lift-off to insure ample damping time 
for various sequences. The first stage tilt program is shown in figure 2, 
along with the nominal S-IVB stage commanded attitude history. 

AS-202 is the second IB flight utilizing the three-second time 
differential between inboard engine cutoff (IECO) and outboard engine 
cutoff (OECO) selected after coordination with interested laboratories 
(reference 9) as the optimum solution to performance penalties imposed 
by the six-second carry-over from the Saturn I vehicles. IECO and OECO 
are predicted to occur at 140.87 and 143.87 seconds after first motion. 
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Approximately 3.8 seconds are required for J-2 engine thrust 
buildup. This portion of the trajectory also includes ullage rocket 
burn for propellant seating after separation. 

S-IVB mains tage operation begins when the J-2 thrust level 
reaches 90 percent of its nominal value. Tilt arrest, which began 136 
seconds after lift-off, is continued until 172.75 seconds, allowing 
sufficient time for the LES tower and ullage rocket casings to be 

jettisoned. The Saturn guidance system, the Iterative Guidance Mode $ 

(IGM), is implemented at this time to guide the vehicle to desired terminal 
conditions . 

This is the second flight utilizing a Programmed Mixture Ratio 
(PMR) shift to increase performance capability by shifting power levels. 

The Propellant Utilization (PU) system provides in-flight propellant mass 
history and signals for the fuel tank pressure step and depletion logic. 

At PU activation (6.8 seconds after J-2 ignition), the system 
senses the LOX overload and commands the engine to burn at the high 
engine mixture ratio of 5.5:1. Flight of the S-IVB stage will continue 
at the high mixture ratio until the measured LOX error is removed. The 
mixture ratio shift for this trajectory is expected to occur at 450 
seconds of flight time. The PU system will then command the engine to 
burn at the reference mixture ratio (RMR) of 4.7, striving for simultaneous 
depletion of LOX and LH 2 for maximum stage performance. 

The IGM will steer the vehicle in its normal mode until 
approximately 46 seconds before expected S-IVB cutoff. At this time, the 
5 T mode is entered, and IGM thereafter enforces only the velocity vector end y 

conditions. This serves to desensitize the guidance system to any 
large oscillations in thrust and flow rates. To avoid any slosh guidance 
interaction, a digital filter for F/m has been implemented for AS-202, 
replacing the^digital filter for the AS-201 (see reference 10). Until 
the time of X mode, navigation and guidance calculations were being 
made on the average of every 1.7 seconds. Due to reduction in the 
number of computations performed by the LVDC, at this time, the computation 
cycle is reduced to every 1.4 seconds until cutoff. 

Guidance Cutoff Signal (GCS) is sent by the LVDC when the 
inertial velocity reaches 6800 m/sec. Actual cutoff time is solved by 
a velocity and time function polynomial for the desired cutoff velocity. 

4 

The conditions at Guidance Cutoff Signal are time - 601.55 sec; 
space-fixed velocity - 6799.63 m/sec; space-fixed path angle - 86.004 deg. 

Shown in figures 3 through 9 is a graphical display of the AS-202 
trajectory. * 
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B. BALLISTIC PORTION 


Retro-rockets are ignited at separation of the S-IB/S-IVB to 
decelerate the S-IB stage. This portion of the trajectory, with 
subsequent ballistic flight to impact, is presented in tables 15 through 
18. Two motion picture cameras, recording S-IB/S-IVB separation, 

S-IVB ullage burn, and J-2 engine ignition are ejected from the S-IB 
stage after separation. The S-IB and camera capsule impact footprint is 
presented in figure 10. The nominal camera capsule trajectory is. presented 
in table 23. 

Following S-IVB Guidance Cutoff Signal, there is a 10-second 
coast, after which the CSM is separated from the S-IVB stage. The S-IVB 
coast trajectory is presented in tables 19 through 22 with impact foot- 
print in figure 11. 


SECTION V. DISPERSION ANALYSIS 
A. THREE- SIGMA DISPERSION ANALYSIS 

Since a deviation from the mean is statistically probable, it 
is necessary to determine, within reasonable limits, a vehicle envelope 
which will describe the flight of AS-202. Off-nominal trajectories were 
developed by introducing perturbations of a ±3 cr magnitude into the 
nominal profile. Propulsion and non propulsion perturbations were 
considered for each stage of the launch vehicle. Individual perturbations 
are considered to be independent and are assumed to exhibit a normal 
(Gaussian) distribution and have equal probabilities of occurrence. 

In determining the dispersed flight corridor, the effects of 
each of the off-nominal parameters on significant trajectory variables 
were determined. The root-sum-square (RSS) technique was then used to 
determine probable plus and minus variations as a function of time for 
each of the variables considered. This technique accumulates the various 
perturbation effects by squaring each resulting parameteric dispersion 
and extracting the square root. Thus, 

A parameter = | Perturbed Parameter J -J Nominal Parameter! 

+RSS = ^ (+ A p)2 
-RSS = (- A P)2 . 

The error sources considered are presented in Appendix C. The 
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detailed results of this analysis are presented in tables 24 through 39. 
S-IB dispersions, both propulsive and nonpropuls ive, are shown in 
tables 24 through 27 at outboard engine cutoff with the total envelope 
presented in tables 28 and 29. Tables 30 through 33 give the nominal 
parameters with dispersion deltas at Guidance Cutoff Signal (GCS) due 
to S-IB stage errors. S-IVB perturbations are given in tables 34 through 
37. A total vehicle envelope at GCS is shown in tables 38 and 39. 
Dispersions due to platform tolerances are not presented here, but will be 
presented at a later date. Actual measured platform alignments and gyro 
drifts were used in generating the nominal trajectory. 

The predicted three-sigma envelope shown in tables 38 and 39 
is applicable at S-IVB/CSM separation except for velocity due to thrust 
decay uncertainties. The revised velocity envelope at S-IVB/CSM separation 
is ±.65 m/sec. 

Significant results at Guidance Cutoff Signal are as follows: 


Time = +19.8 sec, -18.5 sec 

Radius Vector Magnitude = +263 meters, -103 meters 

Space-Fixed Path Angle = -.002 deg. 

Flight Performance Reserve (FPR) = 1650 lbm. 

An FPR of 1650 lbm is necessary to achieve the mission under 
three-sigma considerations, and is within the performance capability 
of the AS- 202 launch vehicle. 

A special note needs to be made on the results of the ±L0X 
and ±Fuel (LH 2 ) cases for the S-IVB stage. These cases cause shifts in 
the time that the PU value will come off the stop. As was mentioned 
earlier, the primary reason for a Planned Mixture Ratio step is for 
performance purposes; however, for AS- 202, the nominal step time is 
non-optimum; hence, a gain in residual appears in the results of the 
-fuel and +L0X cases. The associated loss in nominal useable residual 
is approximately 68 kg (150 lbm). 

For a quick- look analysis, a group of selected partials are given 
in tables 40 and 41, which are applicable at outboard engine cutoff 
and GCS, respectively. 

B. OTHER DISPERSIONS 

Control engine-out capability is almost nonexistent for a 
minus three-sigma performing vehicle; however, analysis reveals capability 
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in this case from approximately 130 seconds after first motion. There 
is less than a 50 percent probability of a successful mission if a 
control engine fails earlier than 90 seconds of flight time. The above 
results are based solely on performance capability. 


SECTION VI. TRACKING ANALYSIS 

This section presents the expected coverage of the AS- 202 mission 
from primary tracking and telemetry sites. Tracking coverage will be 
provided by C-band radars, ODOP uprange, GLOTRAC, and close-in optical 
systems . 

A map defining the vehicle ground trace and the coverage redundancy 
above an elevation of five degrees is shown in figure 8. Coverage will 
be available from at least three stations through S-IVB cutoff. 

A detailed assessment of the visibility of the vehicle to each ground 
station scheduled to receive telemetry and track the onboard electronic 
systems is given in figures 12 through 17. Elevation angles and slant 
range histories are shown from lift-off through S-IVB impact. Antigua, 
the last ground site to receive data from the vehicle before impact, 
will track the S-IVB to a flight time of approximately 910 seconds. 


V 
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TABLE 2 


AS- 202 TRAJECTORY AND ORBIT FACT SHEET 

A. LAUNCH 


Launch Complex and Pad 

34 


Latitude 

28.521958 

(deg) 

Longitude (west) 

80.561142 

(deg) 

Launch Azimuth 

100 (deg) 


Flight Azimuth 

105 (deg) 



B. TRAJECTORY HISTORY* 

First Stage 

S-IB Stage Pitch Tilt Initiation 

S-IB Stage Roll Tilt Termination 

S-IB Stage Roll Angle 

S-IB Stage Mach One 

S-IB Stage Maximum Dynamic Pressure 

S-IB Stage Pitch Tilt Arrest 

S-IB Low Level Sensed 

S-IB Stage Pitch Angle at Tilt Arrest 

S-IB Stage Inboard Engine Cutoff (IECO) 

S-IB Stage Outboard Engine Cutoff (OECO) 

S-IB Stage Velocity at OECO (Space Fixed) 

(Earth Fixed) 

S-IB Stage Path Angle at OECO (Space Fixed) 

(Earth Fixed) 


10.2 (sec) 

15.2 (sec) 

5.0 (deg) 

65 (sec) 

79 (sec) 

136 (sec) 

137.87 (sec) 

60.00 (deg) 

140.87 (sec) 

143.87 (sec) 

2209.53 (m/sec) 
1855.41 (m/sec) 

64.46 (deg) 
59.11 (deg) 
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TABLE 2 (CONT) 


S-IB Stage Altitude at OECO 
S-IB Stage Range at OECO 

S-IB/S-IVB Separation 
Ullage Ignition (S-IVB Stage) 

S-IB/S-IVB Separation Signal 
Retro-Rocket Ignition (S-IB Stage) 

Second Stage 

S-IVB Stage (Main) Ignition Command 

S-IVB Stage Ullage Rocket Cutoff 

S-IVB Stage 90% Thrust Attained 

S-IVB Stage Launch Escape System Jettisoned 

S-IVB Stage Guidance Initiation 

S-IVB Stage Guidance Cutoff Signal (GCS) 

S-IVB Stage Velocity at GCS 

S-IVB Stage Path Angle at GCS 

S-IVB Stage Altitude at GCS 

S-IVB Stage Range At GCS 

S-IVB Stage Latitude at GCS (Geodetic) 

S-IVB Stage Longitude at GCS 

INSERTION CONDITIONS (S-IVB/CSM SEPARATION) 
Time 

Space-Fixed Velocity 

Path Angle of Velocity Vector 
(Against Local Vertical) 


55.63 (km) 

55.68 (km) 

144.55 (sec) 
144.75 (sec) 

144.75 (sec) 

146.15 (sec) 
148.42 (sec) 
149.95 (sec) 
170.00 (sec) 

172.75 (sec) 

601.55 (sec) 

6799.63 (m/sec) 
86.0036 (deg) 
217.31 (km) 
1595.40 (km) 
23.6487 (deg) 
65.5384 (deg) 

611.55 (sec) 
6798.73 (m/sec) 
86.1678 (deg) 



TABLE 2 (CONT) 


Altitude (Oblate Earth) 

Ground Range 

Geodetic Latitude (north) 

Longitude (west) 

Azimuth of Velocity Vector 
(Positive East from North) 

D. IMPACT DATA 

S-IB Stage 

Time 

Latitude (Geodetic) 

Longitude 


S-IVB Stage 

Time 

Latitude (Geodetic) 

Longitude 


221.91 (km) 
1657.06 (km) 
23.4258 (deg) 
64.9850 (deg) 
112.2241 (deg) 


507.78 (sec) 
27.4103 (deg) 
76.3436 (deg) 


1521.07 (sec) 
4.7609 (deg) 
31.4236 (deg) 


JL ^ 

All values are space fixed where applicable unless otherwise noted. 
Times are referenced to First Motion. 
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(1) Outboard Engine Cutoff 

(2) Separation 
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(4) Initiate active guidance 


S-IB/S-IVB NOMINAL TRAJECTORY IN SPACE-FIXED PARAMETERS 
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S-IB/S-IVB NOMINAL TRAJECTORY IN EARTH-FIXED PARAMETERS 
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(4) Initiate active guidance 
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Ingine Cutoff 


S-IB/S-IVB NOMINAL TRAJECTORY IN EARTH-FIXED PARAMETERS 
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(4) Initiate Active Guidance 


S-IB/S-IVB NOMINAL TRAJECTORf IN EARTH-FIXED PARAMETERS 
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-IB/S-IVB NOMINAL TRAJECTORY IN SPACE-FIXED PLUMBLINE COMPONENTS 
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(1) Outboard Engine Cutoff 

(2) Separation 
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S-IB/S-IVB NOMINAL TRAJECTORY IN SPACE-FIXED PLUMBLINE COMPONENTS 
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(4) Initiate Active Guidance 
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S-IB/S-IVB NOMINAL TRAJECTORY IN EARTH-FIXED PLUMB LINE COMPONENTS 


(1) Outboard Engine Cutoff 

(2) Separation 
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(4) Initiate Active Guidance 



s-ib/s-ivb nominal trajectory in earth-fixed plumbline components 
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s-ib/s-ivb nominal trajectory in earth-fixed plumbline components 
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(1) Outboard Engine Cutoff 

(2) Separation 


S-D/S-IVB NOMINAL TRAJECTORY IN EARTH-FIXED PLUMBLINE COMPONENTS 
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S-IB/S-IVB NOMINAL TRAJECTORY IN EARTH-FIXED PLUMBLINE COMPONENTS 
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(4) Initiate active guidance 
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(1) Outboard Engine Cutoff 

(2) Separation 
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(4) Initiate active guidance 
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( 1 ) Outboard Engine Cutoff 

( 2 ) Separation 
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(4) Initiate active guidance 
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(1) Outboard Engine Cutoff 

(2) Separation 
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(4) Initiate Active guidance 
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S-IB RETRO AND COAST- TO- IMPACT TRAJECTORY IN SPACE-FIXED PARAMETERS 
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(1) S-IB RETRO CUTOFF 

(2) S-IB THEORETICAL IMPACT 



(1) S-IB RETRO CUTOFF 

(2) S-IB THEORETICAL IMPACT 


S-IB RETRO- AND COAST- TO- IMPACT TRAJECTORY IN SPACE-FIXED PARAMETER 
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PROPULSION TOLERANCES AT GUIDANCE CUTOFF SIGNAL 
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DISPERSIONS DUE TO THREE-SIGMA S-IVB STAGE 
NON- PROPULS I ON TOLERANCES AT GUIDANCE CUTOFF SIGNAL 
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THREE -SIGMA VEHICLE ENVELOPE 



PERFORMANCE PARTIALS* APPLICABLE AT OECO 
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PERFORMANCE PARTIALS* APPLICABLE AT GCS 



Dispersion Value - Nominal Value} 



































































LAUNCH ESCAPE MOTOR 
LAUNCH ESCAPE TOWER 
COMMAND MODULE — 

SERVICE MODULE 

ADAPTER 


1? SPACECRAFT 
-t S3' 

13* l 


INSTRUMENT UNIT 

• CUIDANCE SYSTEMS 

• TELEMETRY EQUIPMENT 

• POWER SUPPLY BATTERIES 

AND INVERTERS 

S UB SECOND STAGE 

• 1 i-2 ENGINE 

• 200.000 LBS.TOTAL 

THRUST 

• L0X/LH 2 

S-ID FIRST STAGE 

• 8/H l ENGINES 

• 1,600,000 LBS. TOTAL 

THRUST 

• LOX/RP-1 


\ — 7 

/ V : 



S-HB STAGE 
58* 



LAUNCH 

VEHICLE 

141* 


S-IB STAGE 



LAUNCH WEIGHT 1,312, QUO LBS. 


SPACE VEHICLE 


FIG. 1. APOLLO / SATURN IB SPACE VEHICLE 



Pitch Attitude Command Angle (deg) 
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FIG. 2. AS-202 

NOMINAL PITCH ATTITUDE COMMAND 
VERSUS FLIGHT TIME 
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AS-202 LAUNCH VEHICLE ALTITUDE VERSUS GROUND RANGE 
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FIG. 5. AS-202 SPACE FIXED AND EARTH FIXED 

VELOCITY VERSUS FLIGHT TIME 
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FIG. 7. AS- 202 DYNAMIC PRESSURE 
VERSUS FLIGHT TIME 



STATIONS 
Cape Area 
Grand Baha 
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FIG. 8. AS - 202 LAUNCH VEHICLE GROUND TRACE 



Vehicle Fixed Acceleration (m/sec 2 ) 
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400 600 
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FIG. 9. AS-202 VEHICLE FIXED ACCELERATION 

VERSUS FLIGHT TIME 
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FIG. 10. AS-202 

CAMERA CAPSULE IMPACT ENVELOPE 








Nominal 
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Elevation (deg) 
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Flight Time (sec) 

FIG. 12. AS - 202 C - BAND RADAR ELEVATION HISTORIES 







Elevation (deg) 
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FIG. 13. AS-202 TELEMETRY ELEVATION HISTORIES 



Elevation (deg) 
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FIG. 14. AS - 202 GLOTRAC AND ODOP ELEVATION HISTORIES 
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FIG. 16. AS - 202 TELEMETRY SLANT RANGE HISTORIES 


















APPENDIX A 


LAUNCH VEHICLE MASS BREAKDOWN AND DISBURSEMENT 

Item Mass (lbm) 

S-IB Stage, Dry 91550 

S-IB/S-IVB Interstage (Incl. retro-rocket prop.) 6408 

S-IVB Stage, Dry (at ground ignition) 23264 

Instrument Unit at G. I. 4502 


AS- 201 MASS DISBURSEMENT 

Item Mass (lbm) 

S-IB Stage at Ground Ignition (G. I.) 1003833 

S-IB/S-IVB Interstage at G. I. 6408 

S-IVB Stage at G. I. 254725 

Vehicle Instrument Unit (V. I. U.) at G. I. 4502 

Spacecraft at G. I. 56906 


First Flight Stage at G. I. 1326374 

S-IB Thrust Buildup (10887 LOX, 3237 RP-1) ___ : 14124_ 


First Flight Stage at Lift-Off 1312249 

S-IB Mainstage (611014 LOX, 270500 RP-1) -881514 

S-IB Frost -1000 

S-IB Gear Box Consumption (RP-1) -722 

S-IB Seal Purge -7 

S-IB Fuel Additive (oronite) -24 

S-IB I. E. T. D. (761 LOX, 1400 RP-1) -2161 

S-IVB Frost -100 


First Flight Stage at 0. E. C. 0. Signal 426722 

S-IB 0ETD To Sep. (579 LOX, 1061 RP-1) -- _-1640_ 


First Flight Stage at Separation 425082 

S-IB Stage at Separation -102641 

S-IB/S-IVB Interstage -6408 

S-IVB Aft Frame -25 

S-IVB Ullage Rocket Propellant -77 

S-IVB Detonation Package ;4 _ _ 


Second Flight Stage at Ignition 315927 

S-IVB Thrust Buildup Prop (318 LOX, 111 LH 2 ) -429 

S-IVB LH 2 Start Tank -4 

S-IVB Ullage Rocket Propellant -105 



APPENDIX A (COOT) 


Item Mass (lbm) 

Second Flight Stage at Lift-Off (90% Thrust) 315389 

S-IVB Mainstage (189943 LOX, 35462 LH 2 ) -225405 

S-IVB Ullage Rocket Cases -220 

S-IVB Aux . Prop. - Power Roll Control -4 

Launch Escape System -8521 


Second Flight Stage at Guidance Cutoff Signal 81229 

S-IVB Thrust Decay (117 LOX, 27 LH 2 ) -142 


Second Flight Stage at E. T. D. 81087 


Second Flight Stage at Separation 81087 

S-IVB Stage at Separation -28169 

V. I. U. -4502 

Adapter (less ring) -3713 


Spacecraft 44672 


SPACECRAFT MASS BREAKDOWN 

Item Mass (lbm) 

Command Module 11800 

Service Module Less Propellant 9765 

Service Module Propellant 23020 

Adapter Ring 87 

Total "‘“44672 


APPENDIX B 


AS -2 02 OPERATIONAL TRAJECTORY 
IGM PRESETTINGS 


LVDC 

INITIAL 



SYMBOL 

VALUE 

UNITS 

DESCRIPTION 

* 

28.88 

sec 

Time from time base 3 (T3) to 
initiate IGM guidance 

T li 

299.25 

sec 

Time-to-go for first IGM stage 

T 3i 

129.9 

sec 

Time-to-go for second IGM stage 

t 3 

322.733 

sec 

Nominal value of m/m at initiation 
of second IGM stage 

Vexi 

4165.45 

m/sec 

J-2 exhaust velocity (go.I g p) for 
first IGM stage 

Vex3 

4209.49 

m/sec 

J-2 exhaust velocity (go.I S p) for 
second IGM stage 


Vt 

6800 

m/sec 

Terminal velocity for IGM equations 
J-2 cutoff velocity mangitude 

X VT 

0 . 

m 1 

Desired cutoff position vector 

y vt 

6592538.9 

■ f 

components in IGM coordinate 

Z VT 

0 . 

m ) 

system 

^VT 

6783.4753 

m/sec j 

Desired cutoff velocity vector 

y vt 

473.8503 

m/sec j 

' components in IGM coordinate 

Z VT 

0 . 

\ 

m/sec j 

1 system 

■^VGT 

0 . 

m/s 2 ^ 

\ Terminal gravitation vector 

Y 

VGT 

-9.17139 

m/sec^ 

[ components in IGM coordinate 

Z VGT 

0 . 

m/s 2 

J 

) system 

6 

46. 

sec 

Value of T3^ to initiate IGM A V 
guidance 

T 

*1 

6667 

N/D 

Mission dependent constant 
multiplier for terminal range 


angle equation 



APPENDIX B (CONT) 


i 


4 


1 


* 


LVDC 

SYMBOL 

INITIAL 

VALUE 

UNITS 

T_ 

r 2 

0. 

N/D 

Tr 3 

0. 

N/D 

T SMC 

190 

sec 

T 2 

0. 

N/D 

A T 

NCM 

R-ASTR 


API 

.409699 


AP2 

-.91221574 


AP3 

-.0028925398 


AP4 

.91211505 


AP5 

.40969873 


AP6 

-.013894577 


AP7 

.013859920 


AP8 

.0030542649 


AP9 

.99989925 


* 

236.1 

sec 

FLAG 

2 

N/D 

ACC 

.0001 

m/s 2 

T 1 

x o 

299.25 

sec 

^o 

512.90 

sec 

Al 

-1.28 

N/D 




DESCRIPTION 

Mission dependent constants 
for Ng and equations 

Time to initiate thrust 
misalignment correction 

I 

Multiplier of I^and l^in X x 
and X ' equations 


Transformation matrix from 
navigation coordinate system to 
the (X^, Y^, Z^) coordinate system 


Time from time base 3 (T3) to 
sample F/M for IGM staging 

Number of successive F/M decreases 
required for IGM staging criteria 

Tolerance for F/M comparison 

Constants for updating second 

stage time-to-go for perturbed 

EMR shift time 
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APPENDIX B (CONT) 


LVDC 

SYMBOL 

INITIAL 

VALUE 

UNITS 

DESCRIPTION 

PCO 

30 

sec 

Back-up time for IGM staging 

T 10 

558.64 

sec "N 

Constants for artificial 

* 

O 

O 

30 

sec J 

T 3 mode 

M 02 

133922 

kg 

Mass at active guidance initiation 

m 2 

238.71 

kg/sec 

Average flow rate of first IGM 
stage 

*3 

195.449 

kg/sec 

Average flow rate of second IGM 
stage 


LVDC symbol not defined 


A 
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APPENDIX C 


« 


t. 


i, 


THREE-SIGMA LAUNCH VEHICLE PERTURBATIONS 
I. S-IB STAGE PERFORMANCE 


A. Propulsion Group 

Propellent Loading Mass 
Thrust and Flowrate 
Igp (flowrate) 

Mixture Ratio Fuel Bias 

High Surface Wind 

Low Surface Wind 

High Ambient Surface Temperature 

Low Ambient Surface Temperature 


B. Non- Propulsive Group 

Non- Propel lent Mass 

Thrust Misalignment (pitch) 

Thrust Misalignment (yaw) 

Axial Drag Coefficient 

Headwind 

Tai lwind 

Left Crosswind 

Right Crosswind 


II. S-IVB STAGE PERFORMANCE 


A. Propulsion Group 

Propellent Loading Mass 
Thrust and Flowrate 

*SP 

Mixture Ratio (+ Fuel) 
Mixture Ratio (- Fuel) 
Mixture Ratio (+ LOX) 

Mixture Ratio (-LOX) 

B. Non- Propuls ion Group 

Non- Propel lent Mass 
Lateral eg offsets (in plane) 
Lateral eg offsets (normal) 
Thrust Misalignment (pitch) 
Thrust Misalignment (yaw) 


±.37„ 

±1.57. 


± .9 sec 

{ +2000 lbm fuel 
-1000 lbm fuel 


(Ref. 

(Ref. 

(Ref. 

(Ref. 


± 304 lbm 
± .62 deg 
± .62 deg 
± 107. 
(Ref. 
(Ref. 
(Ref. 
(Ref. 


± 17. 

± 37. 

± 3.12 sec 
(Ref. 

(Ref. 

(Ref. 

(Ref. 


189 lbm, -122 lbm 
± .05 meters 
± .05 meters 
± .62 deg 
± .62 deg 


117 


REFERENCES 


1. MSFC Flight Mission Directive, Apollo-Saturn 202 Mission , June 22, 
1965 (U). 

2. MSFC SA-202 Saturn Vehicle Data Book , May 15, 1965 (C). 

3. Memorandum, R-P&VE-VAW-66-49 , Saturn IB AS -202 Final Predicted Mass 
Characteristics , June 6, 1966 (U) . 

4. Memorandum, R-P&VE-PPE-66-M-96 , AS- 202 S-IB & S-IVB Final Flight 
Propulsion Prediction , May 18, 1966 (U) . 

5. Memorandum, R-P&VE-PPE-66-M-102, Douglas Aircraft Final S-IVB 202 
Propulsion Flight Prediction , June 2, 1966 (U) . 

6. MSFC-III-4-423-2, Launch Vehicle Digital Computer Equation Defining 
Document (U) . 

7. Memorandum, R-AERO-FM- 20-66 , S-IB Steering Commands, S-IVB IGM 
Pre-Settings and Guidance Terminal Conditions for AS-202 Vehicle , 
May 12, 1966 (U) . 

8. NASA, TMX-53266, Launch Vehicle Guidance Equations for the Saturn 
IB, SA-202, May 24, 1965 (U) . 

9. Memorandum, R-P&VE-PPF-65-M-142 (628), S-IB Stage Sequence Chang e, 
November 17, 1965 (U) . 

10. Memorandum, R-ASTR-F-66-1, AS-202 m/F Filter , April 1, 1966 (U) . 




> 


118 


APPROVAL 


TMX- 53470 


AS- 202 LAUNCH VEHICLE OPERATIONAL FLIGHT TRAJECTORY 


Pamelia B. Pack 

The information in this report has been reviewed for security 
classification. Review of any information concerning Department of 
Defense or Atomic Energy Commission programs has been made by the MSFC 
Security Classification Officer. This report, in its entirety, has been 
determined to be unclassified. 

This document has also been reviewed and approved for technical 
accuracy. 


APPROVAL: 


CONCURRENCE: 


jAuJi 



0. M. Hardage, ir. \J 
Chief, Flight Mechanics Branch 


Lewis L. McNair 
Chief, Projects Office 


J. 'P. Lindberg 

Chief, Flight Test Analysis Div 




E. D. Geissler 

Director, Aero-Astrodynamics Laboratory 



MS- IP 
MS-IFL (8) 

MS-T, Mr. Roy Bland (6) 
MS-H 

CC-P 

DAC, Mr. P. Dixson 


MSC 

FM, Mr. Incerto 
FM-13 , Mr. Bryant 
FM, Mr. Ricks 
FL, Mr. C. Filley 
EG2, Mr. D. Cheatham 
EG22, Mr. J. Funk 
PM5 , Mr. R. McKann 
PD4, Mr. A. Cohen 
FM2, Mr. R. Ward 
PM2, Mr. C. Perrine 
FA, Mr. C. Kraft 
FC, Mr. J. Hodge 
FC, Mr. G. Paules 
I-MO-F, Mr. Casey (3) 

FL, Mr. Thompson 

FM, Mr. J. Mayer 
FM3, Mr. Huss 
FM3, Mr. Skopinski 
FM7, Mr. R. Nelson 
FM7, Mr. J. McAnulty 
FM3, Mr. R. McAdams 

KSC 

K-DIR, Dr. Debus 
K-TEC, Dr. Knothe (3) 
INS-1, Dr. Bruns 
INS- 13, Mr. Jelen 
TPR-72, Mr. Bishop 


NASA Resident Apollo Spacecraft Project fficer 
MIT Instrumentation Laboratory 
Cambridge, Massachusetts 02142 
Attn: Mr. Edward Copps & Mr. John Dahlen 


NASA Langley Research Center 
Langley Station Mail Stop 117 
Hampton, Virginia 23365 
Attn: Mr. A. Matson 


Douglas Aircraft Company 

Attn: Mr. Webb Miller 

Huntington Beach, California 92646 


IBM Confidential Documentation Center 

Building 1 

Sparkman Drive 

Huntsville, Alabama 35807 

Attn: Mr. Jim Chris toff el 

Scientific and Technical Inf. Facility (25) 
Attn: NASA Rep. S-AK/RKT 
P.0. Box 33 

College Park, Maryland 


HQTRS 

Bellcomm, 1021, Mr. Sperry 
Bellcomm, 1124, Mr. Wagner 
0MSF-MA0, Mr. Susson 
QMSF-MAR, Mr. Lemke 
OMSF-MAT, Mr. Savage 
OMSF-MB, Mr. Winn 
QMSF-MAS, Unassigned 
QMSF-M0-1, Gen. Bolender 



Addressees : 

DEP-T, Mr. Rees 
DEP-A, Mr. Gorman 
I-I/IB-MGR, Colonel James 
I-I/3B-E, Mr. Vreuls 
I-I/IB-E, Mr. Callaway 
I-I/3B-SIVB, Mr. Godfrey 
I-MO-MGR, Dr. Speer (2) 
I-MO-O, Mr. Kurtz 
I-MO-O, Mr. Naumcheff 
I-MO-R, Mrs. McNair 
I- TO* DIR, Mr. Richard 
I-V-MSR, Dr. Rudolph 
I-E-MGR, Mr. Belew 
R- AERO- DIR, Dr. Geissler 
R- AERO- DIR, Mr. Jean 
R- AERO- A, Mr. Dahm 
R- AERO- AT, Mr. Wilson 
R-AERO-ATA, Mr. Elkin 
R- AERO- AD, Mr. Lins ley 
R- AERO- AD, Mr. Dunn 
R- AERO- ADD, Mr. Nunley 
R-AERO-D, Mr. Horn 
R- AERO-AD, Mr. Young 
R- AERO- A, Mr. Holderer 
R-AERO-G, Mr. Baker 
R-AERO-D, Mrs. Chandler 
R-AERO-DD, Mr. Ryan 
R- AERO-DAG, Mr. Telfer 
R- AERO- DAP, Mr. Cremin 
R-AERO-F, Mr. Lindberg (2) 
R-AERO-FF, Mr. Hagood (4) 
R-AERO-FF, Mr. Sheats 
R-AERO-F, Mr. Stone 
R-AERO-FMT, Mr. Hardage (30) 
R-AERO-FMT, Mr. Wittenstein 
R-AERO-FMT, Mr. Weiler 
R-AERO-FMT, Mrs. Pack (5) 
R-AERO-FMT, Mr. Brothers 
R-AERO-FF, Mr. McNiel 
R-AERO-FMR, Mr. Leonard (2) 
R-AERO-FMR, Mr. Crafts 
R-AERO-FO, Mr. Hill (5) 
R-AERO-P, Mr. Teague (10) 
R-AERO-P, Mr. McNair 
R-AERO-P, Mr. Ledford (15) 
R-AERO-T, Mr. Reed 
R-AERO-T, Mr. Cummings 
R-AERO-Y, Mr. Vaughan 
R-AERO-P, Mr. Tinius 


R-TEST-DIR, Mr. Heimburg 
R-ME-DIR, Mr. Kuers 
R-SAI, Earl Butler 
R-P&VE-DIR, Mr. Lucas 
R-P&VE-DIR, Mr. Hellebrand 
R-P&VE-XJ, Mr. Griner 
R-P&VE-P, Mr. Paul 
R-P&VE-VOI, Mr. Byers 
R-P&VE-AVA, Mr. Denton 
R-P&VE-VS, Mr. Schulze 
R-P&VE-S, Mr. Kroll 
R-P&VE-SL, Mr. Showers 
R-P&VE-S, Mr. Hunt 
R-P&VE-PTD, Mr. Hastings 
R-P&VE-DIR, Mr. Palaoro (2) 
R-P&VE-VAW, Mr. Marmann 
R-P&VE-VAW, Mr. Scott 
R-P&VE-PPE, Mr. McKay 
R-P&VE-PPE, Mr. Igou 
R-QDAL-DIR, Mr. Grau 
R-COMP-DIR, Dr. Hoelzer 
R-COMP-RRT, Mr. Crafts 
PA-Mr. Jones 
I-MO-O, Mr. Ladner 
R-ASTR-DIR, Dr. Haeussermann 
R-ASTR-I, Mr. Hoberg 
R-ASTR-F, Mr. Blacks tone 
R-ASTR-F, Mr. Hosenthien 
R-ASTR-F, Mr. Scofield 
R-ASTR-FO, Mr. Mink 
R- ASTR-NGI , Mr. Blanton 
R-ASTR-NGI, Mr. Nicaise (2) 
R- ASTR-NGI, Mr. Schaefer 
R-ASTR-NG, Mr. Seltzer 
R-ASTR-NG, Mr. Winkler 
R-ASTR-NG, Mr. Chubb 
R-ASTR-G, Mr. Mandel 
R-ASTR-G, Mr. Thomason 
R-ASTR-N, Mr. Moore 
R-ASTR-R, Mr. Taylor 
R-ASTR-S, Mr. Mack 
R-ASTR-M, Mr. Boehm 
I-I/IB-TF, Maj. Rminek (2) 
R-ASTR-E, Mr. Fichtner 
R-ASTR-IRD, Mr. Ely 
R-ASTR-EA, Mr. Greer 
R-ASTR-IR, Mr. Barr 
R-ASTR-IR, Mr. Eden 
NAA, Mr. Tooker (2) 



